We performed a cross-sectional analysis of factors associated with diabetes mellitus among 557 drug users who were recruited from a methadone treatment program and were participating in a longitudinal study of hepatitis C virus (HCV) infection. We found that HCV infection was strongly associated with diabetes mellitus (adjusted odds ratio [OR], 2.9; 95% confidence interval [CI], 1.3-6.4) after controlling for age, race, unemployment, and body mass index. Among HIV-infected drug users, receipt of antiretroviral therapy (ART) for 
]).
Hepatitis C virus (HCV) infection is the most common chronic bloodborne infection in the United States [1] . Chronic HCV infection has been associated with type 2 diabetes mellitus in several observational studies [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] , particularly among individuals aged у40 years [11] . However, most of these studies did not consider such factors as illicit drug use and HIV infection, which may have confounded the observed relationship. Because of their common routes of transmission, injection drug users are at increased risk for infection with both HCV and HIV [12] . An increased prevalence of diabetes among HIV-infected individuals has also been reported, which has largely been attributed to protease inhibitor (PI) use [13] [14] [15] . However, in most studies of diabetes in HIV-infected individuals, the role of HCV infection as a cofactor has not been determined. The objective of this study was to determine the relationship between HCV infection, PI use, and diabetes in a cohort of current and former drug users with and without HIV infection in the Bronx, New York.
PATIENTS AND METHODS

Study participants.
We performed a cross-sectional analysis of factors associated with diabetes mellitus among 557 current and former drug users. The subjects were recruited from methadone treatment and were participating in a longitudinal study of HCV infection. Participants were observed with semiannual research visits, at which a standardized interview was conducted that elicited information on sociodemographic characteristics, drug use behaviors, and medical history, including receipt of antiretroviral therapy (ART). At each visit, participants were asked whether they had diabetes. Participants were also screened for alcoholism by means of the CAGE questionnaire [16] , with a positive response to у2 items indicating alcoholism [17] . In addition, each participant's height and weight were measured, permitting calculation of the Quetelet body mass index. All subjects provided written informed consent, and the study was approved by the Institutional Review Board of Montefiore Medical Center (Bronx, NY). Laboratory testing. HIV-1 antibody testing was conducted by EIA with Western blot test confirmation. For HIV-seropositive participants, T lymphocyte subset assays were performed by flow cytometry, and HIV-1 loads were measured by the Quantiplex HIV-1 RNA v3.0 Assay (Chiron), which has a lower limit of detection of 50 copies/mL. HCV antibody testing was performed by EIA (ELISA 3.0; Ortho Diagnostic Systems). HCV RNA quantification was performed by PCR using the COBAS Amplicor HCV Monitor assay, version 2.0 (Roche Diagnostics), which has a lower limit of detection of 600 IU/mL. HCV genotype was assessed by examination of E1 Haming distances between subjects by using prototype sequences acquired from GenBank, as described elsewhere [18, 19] .
Statistical analysis. The associations of diabetes mellitus with sociodemographic characteristics, drug and alcohol use behaviors, and clinical variables, including HCV infection and HIV serostatus, were determined for the entire study sample. In addition, the associations of diabetes mellitus with ART use, CD4 + lymphocyte count, and HIV load were determined for the HIV-infected subgroup. Diabetes was defined by self-report of a diabetes diagnosis, and HCV infection was defined by positive HCV antibody status for all analyses. Comparisons were performed using the x 2 test or Fisher's exact test, as appropriate.
Multivariate logistic regression analysis was performed to assess independent predictors of diabetes mellitus and included HCV antibody status as well as established diabetes risk factors, including age, race/ethnicity, unemployment, and body mass index [20] . A separate multivariate logistic regression analysis was performed to assess independent predictors of diabetes among HIV-infected participants and included ART use, age, race/ethnicity, unemployment, and body mass index. Corresponding ORs and 95% CIs were computed. SPSS software, version 10.0 (SPSS), was used for all analyses.
RESULTS
Characteristics of the participants are listed in table 1. Of the 557 participants, 418 (75%) were infected with HCV; of these patients, 313 (75%) had a detectable HCV RNA level. Compared with the remainder of the study sample, the HCVinfected participants were significantly less likely to be Hispanic and were more likely to be male, older, unemployed, and HIV seropositive; also, they were more likely to report a history of injection drug use. Two hundred twenty-eight patients (41%) in the study sample were HIV seropositive. Among 216 HIVinfected persons (95%) with available data, the median CD4 , and the mean HIV load was 3.1 log 10 copies/mL. Al- though 110 (48%) of 228 HIV-infected individuals reported a history of any use of a PI, prolonged exposure was uncommon: only 16 subjects (7%) reported taking a PI for 11 year. Of the 557 drug users, 72 (13%) reported a diagnosis of diabetes mellitus. The prevalence of diabetes was greatest among participants who were older, were nonwhite, were unemployed, had a high body mass index, and reported a history of injection drug use (table 2). The prevalence of diabetes was also higher among persons who were infected with HCV, compared with those who were not infected with HCV (15% vs. 6%;
). An association between diabetes and either a P p .004 history of alcoholism or current alcoholism was not detected.
Because a single undetectable HCV RNA level does not exclude viremia [21] , to assess the association between active HCV infection and diabetes, we repeated analyses including only persons with known active HCV infection (i.e., detectable HCV RNA levels) and those known to be uninfected (i.e., negative for HCV antibody). Compared with uninfected individuals, individuals with active HCV infection were nearly 3 times as likely to have diabetes (OR, 2.7; 95% CI, 1.2-5.8). An association between diabetes and HCV genotype was not detected.
To examine the relationship between HCV infection, injection drug use, and diabetes, a multivariate logistic regression model was constructed that included injection drug use history and HCV infection as covariates, with diabetes as the outcome. In this model, HCV infection was independently associated with diabetes (adjusted OR, 2.6; 95% CI, 1.1-6.3), whereas injection drug use was not (adjusted OR, 1.2; 95% CI, 0.6-2.6).
To further examine the association between HCV infection and diabetes, a multivariate analysis was performed that included established risk factors for diabetes mellitus. As shown in table 3, age, race, unemployment, body mass index, and HCV infection remained independently associated with diabetes. Individuals with HCV infection were nearly 3 times as likely as those without HCV infection to have diabetes (adjusted OR, 2.9; 95% CI, 1.3-6.4). These estimates were essentially unchanged when either a history of alcoholism or current alcoholism was included in the multivariate model.
The association between HCV infection and diabetes remained significant after stratifying by HIV serostatus. Among HIV-seronegative participants, the prevalence of diabetes was higher in HCV-infected individuals than among uninfected individuals (17% vs. 7%;
). Among HIV-seropositive par-P p .01 ticipants, the prevalence of diabetes was also higher among HIV-HCV-coinfected individuals than among individuals with HIV infection alone (13% vs. 0%;
, by Fisher's exact P p .052 test).
Among HIV-infected participants, the prevalence of diabetes was also greater among persons who received ART for 11 year and among those who had an undetectable viral load (table 2) .
Although any history of PI use was not associated with diabetes, PI use for 11 year was.
The association between ART and diabetes was examined further by multivariate analysis that included established risk factors for diabetes (table 4) . Because all HIV-infected patients with diabetes were also infected with HCV, we were unable to include HCV infection in the model. Compared with individuals who had received ART for р1 year, individuals who had received ART without a PI for 11 year were 4 times as likely to have diabetes (adjusted OR, 4.1; 95% CI, 1.1-15.5), and those who had received ART including a PI for 11 year were 15 times as likely to have diabetes (adjusted OR, 5.5; 95% CI, 1.5-20.4). These estimates were essentially unchanged when detectable HIV load was also included in the multivariate model.
DISCUSSION
In this cohort of current and former drug users, HCV infection was strongly associated with diabetes mellitus after controlling for other established risk factors for type 2 diabetes and HCV infection. This finding is consistent with the findings of previous observational studies, which have demonstrated an increased prevalence of diabetes among individuals who have chronic HCV infection (21%-50%), compared with individuals who have other forms of liver disease (2%-12%) and other control groups (2%-6%) [2] [3] [4] [5] [6] [7] [8] [9] [10] . Previous studies of HCV infection and diabetes either did not include drug users or did not consider HIV serostatus; the present study demonstrates that the association between diabetes and HCV infection is independent of injection drug use and HIV infection. After adjusting for potential confounding variables, we found that drug users with HCV infection remained nearly 3 times as likely as those without HCV infection to have diabetes mellitus. A significant association between HCV infection and diabetes was also present among the subset of drug users with HIV infection; in fact, all of the HIV-seropositive patients who had diabetes were coinfected with HCV. In addition, we found that, among HIV-infected drug users, exposure to ART for 11 year was also associated with diabetes mellitus. Although the prevalence of diabetes was greatest among individuals treated with a PI, an increased prevalence of diabetes among those who received a PI-sparing regimen was also found. The observed association between PI use and diabetes is consistent with previous studies [13] [14] [15] ; this has been attributed to a direct inhibitory effect on cellular glucose transport by PI medications [22] . Insulin resistance has been reported among PI-naive persons with HIV infection in association with fat redistribution [23] [24] [25] , which may occur as a result of nucleoside analogue-induced mitochondrial toxicity [26] . Both insulin resistance and peripheral fat wasting have also been associated with chronic HCV infection in HIVinfected persons receiving ART [27] . Because body composition was not measured in this study, we were unable to assess the extent to which changes in fat distribution may have accounted for our findings. Body mass index measurements demonstrated that obesity was also independently associated with diabetes in this population.
Our study has several limitations. First, we relied on selfreport rather than a laboratory screening test to measure diabetes prevalence. If participants who had HCV infection or who used ART were more likely to be screened for and thus self-report diabetes than were those without these characteristics, then differential misclassification may have contributed to the observed increase in diabetes risk associated with HCV infection and ART use. In addition, information about family history of diabetes was not available; thus, we could not control for this risk factor in our analysis. Furthermore, the extent of liver damage among HCV-infected participants could not be determined, because liver biopsies were not performed. Finally, as a result of the cross-sectional nature of this study, causal relationships between HCV infection or ART use and diabetes could not be established. Despite these limitations, our findings support the hypothesis that chronic HCV infection and PI use play significant roles in the development of diabetes mellitus.
In summary, we found an increased prevalence of diabetes mellitus among drug users with HCV infection and among those who had received ART for 11 year. The biological mechanism by which HCV infection and diabetes are associated remains unknown but appears to be independent of HIV infection and injection drug use. Additional studies are needed to determine the temporal relationship between these disorders and to determine whether, among HIV-infected individuals, HCV coinfection and PI use have a synergistic effect on the risk of diabetes. Given that ∼2.7 million persons in the United States are chronically infected with HCV [1] , and given that an estimated 240,000 of these persons are coinfected with HIV [12] , prospective studies on this subject are a high priority for additional research.
